Abstract. The species composition and structure of secondary communities developed after deforestation in fertile oak-hornbeam habitats and afforestation of post-arable land from Tilio-Carpinetum and Melitti-Carpinetum circles in the Knyszyńska Forest have been studied. The analysis was based on 178 relevés made by Braun-Blanquet method, including 47 relevés of oak-hornbeam natural communities, 59 relevés of post-clear-cutting communities after deforestation and 72 releves of five secondary forest communities, 30-59 years old forming the first generation of trees on post-arable land. The types of habitats, types of soil and surface geological formations were identified, while soil samples were subjected to chemical analysis. The degree of deterioration of secondary communities on post-arable land was found to be the greater the shorter the time from abandonment of agricultural use of a given area. As a result of former cultivation the soil has been degraded and the composition and structure of plant communities have been altered. The identified vegetation patches show changes characteristic of IV and V phase of degeneration and deformations manifested as cespitization, apophytization and bryophytization. The oak-hornbeam habitats represent the weakly (d) or strongly (D) degraded habitats, with the soil upper layer transformed by tilling into a ploughing horizon (Ap), with changes in the form of humus and considerable simplification in morphology of soil profiles.
Introduction
According to the periodization of anthropopressure by Olaczek (1972) , the period of intense clearing of deciduous forests to get land for agricultural use that took place from the 13 th to 18 th century AD, has brought the largest contribution to transformation of fertile oak-hornbeam habitats into meadows, arable land and pastures. The change of land use from forest to the land of agricultural use was closely related to development of settlements, agriculture and animal breeding. Mainly the forests growing in fertile oak-hornbeam habitats, flood-plain habitats and thermophilous oak forest habitats were clear-cut for agricultural use (Olaczek 1972) .
In the 1990s, the economic changes in Poland have forced the abandonment of some arable land and some of it has been reforested (Matuszkiewicz et al. 2013a ). The changes in species composition and structure of plant communities, transformations of oak-hornbeam habitats and soil related to intense deforestation followed by reforestation of land used in the meantime for agricultural purposes are a consequence of the fact that irrespective of the production potential of habitats, the species preferred for reforestation were those of low climatic and trophic requirements and characterised by fast growing (Zerbe http://dx.doi.org/10.12775/EQ.2014.012 2002; Humphrey et al. 2004; Ito et al. 2004; Hiromi et al. 2006; Stephens & Wagner 2007) . In the mesotrophic and oligrophic habitats in Poland the species best meeting the above requirements is Pinus sylvestris L., which for the last two centuries has been predestined to be a dominant species in Polish forests (Matuszkiewicz et al. 2013b ). The monoculture domination of pine for the last two centuries has resulted in simplification and impoverishment of species composition of tree stands leading to the present different forms of secondary communities (Lindgren & Sullivan 2001; Chinea & Helmer 2003; Jones et al. 2009 ). The communities that have developed under the impact of human activity as secondary combinations of species are called the secondary anthropogenic communities (Olaczek 1972; Łaska 2006) . They are characterised by disturbed structure and internal balance, diverse floristic composition the herbal layer in which the species prefer facial domination in the form of single species aggregations and patches. They appear as a manifestation of synanthropisation of the vegetation cover as a result of substitution of the primary complex and multifunctional systems with secondary simple and monofunctional ones (Faliński 1972) . The secondary communities have been studied by many authors. Some of them have concentrated on the causes of appearance of the latter and analysed the effect of tree felling on changes in the special composition and structure of post-clear-cut communities (Łaska 2000; Deal 2001; Gilliam 2002; Haeussler & Bergeron 2004) , while others have been focused on the impact of of tree-felling and different type deformations of forest communities (Olaczek 1974; Holgen & Hanell 2000; Jalonen & Vanha-Majamaa 2001; MacDonald & Thompson 2003; Burke et al. 2008 ). Many authors have made attempts at identification and classification of secondary forest communities and analysed their variations following from different directions of anthropogenic transformations (Bell & Newmaster 2002; Łaska 2002 , 2006 Allison et al. 2003) . The studies also concerned the processes of formation of secondary communities in different type habitats (eutrophic, mesotrophic and oligotrophic). For instance the ecological effects of different types of forest clear-cutting, conditions for renewal of trees, changes in the type of soil, soil transformations, chemistry of the upper genetic levels, changes in habitats, evaluation of habitats trophic state and degree of transformation as a result of forest management procedures (Siira-Pietikäinen et al. 2001 , 2003 Hannam et al. 2005) . The aim of this study is evaluation of ecological effects of deforestation and reforestation of post-agricultural use land in view of the changes in the composition and structure of plant communities and transformations of oak-hornbeam habitats and soil.
Study area
The area of study was the Knyszyńska Forest in north-eastern Poland. (Łaska 2006) .
The deforested land within the area of Knyszyńska Forest in the 18 th century were subjected to reforestation in the years (Fig. 1) . The reforestation was performed mainly in the area under administration of Krynki and Waliły Forest Divisions in the south-eastern part, Żednia Forest Division in the south and Dojlidy Forest Division in the south and in the central part where this study was performed ( Fig. 1) .
Methods of study
The research material is a synthesis of the 15 year cycle of observations (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) in the Knyszyńska Forest. The analyses presented were performed on the basis of field observations and laboratory methods. The field study of plant communities was conducted in fertile oak-hornbeam habitats Tilio-Carpinetum Tracz. 1962 and MelittiCarpine tum Sokoł. 1971 em Czerw. 1978 . The observations were carried out in the natural forms and secondary communities of a given vegetation circle (Schwickerath 1954) . The syntaxonomy of the natural vegetation units was assumed after Matuszkiewicz (2001) . Detail ecological and phytosociological characterisation of the natural and secondary communities, data on their geomorphological variation, geological and soil chemistry variation are given in Łaska (2006) .
In the field the phytosociological study of plant communities followed by habitat identification of the plant patches was performed. The analyzed material consisted of 178 relevés, including 47 ones of the natural communities and 131 ones of secondary communities, including 59 of the post-clear-cutting communities and 72 of the secondary forest communities aged 30-59, representing the first generation of trees on the post-agricultural use land. The relevés were taken assuming the 6-point cover-abundance Braun-Blanquet scale, in the natural communities and secondary forest communities on the plots of the size of 400 m 2 (20 x 20 m), while in the post-clear-cut commu-Ecological consequences of deforestation and afforestation on a post-arable land...
nities on the plots of 200 m 2 (10 x 20 m). Qualitative and quantitative comparisons of the floristic composition were made on the basis of the synthetic features (Pawłowski 1972) . The degree of plant communities degeneration was evaluated on the basis of the classification of phases of degeneration (quantitative changes) and forms of degeneration (qualitative changes) after Olaczek (1974) .
The identification of habitats of the communities studied was made on the basis of the field study in the years 1994-2001, of the 14 soil profiles cut to the depth of 1.5 m. Taxonomy of soil and nomenclature of soil levels were assumed after the standards of Polish Soil Science Society (Trzciński 1989) . The classification into types and subtypes of humus was performed with the use of the ecological taxonomy of forest humus introduced by Prusinkiewicz (1994) . Changes in the trophic character of the upper layers of soil and types of forest habitats were classified on the basis of the diagnostic scheme of the present state of fertility determined taking into account the stable and easily changing elements of habitat (Mąkosa et al. 1994) .
In order to examine the changes in habitat of the communities studied, samples of the soil from the humus level (Ah) collected from the profiles were subjected to chemical analyses. The standard chemical properties of the accumulation horizon were determined by the standard procedures (Ostrowska et al. 1991; Mocek et al. 1997) . The properties included specific density of soil, pH (pH in H 2 O, pH in KCl), contents of mineral components (P 2 O 5 , K 2 O, Mg, Ca in mg per 100 g of soil) organic carbon and nitrogen (C-org, N-org in %), percentage content of humus and the C:N ratio. Analysis of these data permitted evaluation of the soil trophic state and its changes.
Results

Ecological effects of deforestation and changes
in the species composition and structure of plant communities
As a result of deforestation (tree stand removal) the forest community is replaced by post-clear-cutting communities whose floristic composition and structure are much different from the natural oak-hornbeam community. The vertical structure is changed from the multilayer forest one into a monolayer structure of post-clear-cutting community. In the first stages of development, the post-clear-cutting communities show a variety of qualitative floristic compositions because of great significance of the non-forest components. The lack of trees and negligible density of the shrub layer promote development of non-forest vegetation. The herbal layer cover reaches 50-70%, and in subsequent years it becomes the dominant structural element of these communities, reaching up to 100% cover. (Table 1 ). In the post-clear-cutting communities the sod formation processes take place in the soil, while floristic composition undergoes qualitative changes. They lead to impoverishment of the species composition, to excessive development of grasses (cespitization) or to penetration of apophytes into the communities (apophytization). The patches of natural oak-hornbeam communities are characterised by high contribution of eutrophic oak-hornbeam species from the order Fagetalia and mesotrophic species from the class Querco-Fagetea (Table 1) .
As a consequence of deforestation, the forest community is replaced by post-clear-cutting community whose floristic composition and direction of further changes in vegetation depends to a high degree on the conditions of the habitat and floristic composition of the natural communities. After clear-cutting, the eutrophic habitats of Tilio-Carpinetum are covered by developing post-clear-cutting herbaceous vegetation Rubetum idaei Pfeiff. 1936 em. Oberd. 1973 , with the dominant wild raspberry (Table 1 ). In the area of the Knyszyńska Forest, the Rubetum idaei communities from the Tilio-Carpinetum circle occur on the plains supported by glacial till of ground moraine at the foot of hills. In the mesotrophic habitats of Melitti-Carpinetum, the post-clear-cutting communities Calamagrostietum arundinaceae with the reed grass dominant were identified (Table 1) . These are the post-clear-cutting graminaceous communities related to the mesotrophic habitats on medium acidic soil on the underlying gravel-sandy substratum.
The post-clear-cutting herbaceous communities Rubetum idaei were characterised on the basis of 32 relevés, while those of Calamagrostietum arundinaceae -on the basis of 27 relevés, 59 relevés in total (Table 1 ). The floristic compositions of these two communities are dominated by eutrophic oak-hornbeam species form the order Fagetalia and mesotrophic species from the class Querco-Fagetea, occurring together with a group of post-clearcutting species from the class Epilobietea angustifolii, and less represented coniferous forest species from the class Vaccinio-Piceetea. The patches of Rubetum idaei are distinguished by a numerous group of eutrophic oak-hornbeam species from the order Fagetalia (Isopyrum thalictroides, Asarum europaeum, Corydalis cava, C. solida, Dentaria bulbifera, Ficaria verna, Impatiens noli-tangere) and meso trophic species from the class Querco-Fagetea (Fraxinus excelsior, Campanula trachelium), whose presence was not found in the community of Calamagrostietum arundinaceae. The group of eutrophic from the order Fagetalia has a diagnostic role in Rubetum idaei, because of much higher constancy and coverage than in Calamagrostietum arundinaceae. It is also confirmed by analysis of synthetic features (Table 1) . In Rubetum idaei communities the value of the systematic group of species "D" and total values of coverage with oak-hornbeam species from the order Fagetalia and class of Querco-Fagetea are much higher than in the community Calamagrostietum arundinaceae (Table 1) .
Classification of the phases of degeneration in post-clear-cutting communities
Classification of the phases of degeneration in post-clearcutting communities has shown that the degree of their degeneration depends largely on the age of these communities (time after deforestation), on the habitat and floristic composition in the natural communities. The greatest changes in floristic composition of phytocenoses take place in the youngest developmental stages of post-clear-cutting communities (1 to 3 year old), usually in degeneration phase V (Table 1 ). In the 1-year post-clear-cutting community of Rubetum calamagrostietosum in the Tilio-Carpinetum habitats, the ratio of euphytes (8 species) to allophytes (84 species) was very low (9.5%, degeneration phase V), similarly as for the 1-year old community of Calamagrostietum rubetosum in Melitti-Carpinetum habitats (18.2%, degeneration phase V) ( Table 1) . It is related to the disappearance of species of narrow ecological amplitude, the species characteristic of the association and alliance and to a considerably smaller number of species of wide ecological amplitude, characteristic of the class, which is equivalent to the disappearance of the most stable elements of the former community. With development of post-clear-cutting communities, when they are 3-10 years old, the developing layer of bushes and deterioration of light accessibility to non-forest vegetation, the contribution of the species characteristic of oak-hornbeam habitats (euphytes) increases, while the post-clear-cutting communities occur in degeneration phase IV (Table 1) .
The effect of deforestation on soil conditions
Removal of trees (deforestation) causes far reaching changes in the whole forest ecosystem. The changes occur not only in the structure and species composition of plant communities, but also in the structure and chemical composition of soil. Changes in the soil conditions in the secondary communities relative to those in the corresponding natural ones have most often concerned ( Table 2) : formation of the ploughing horizon (Ap), formation of transitional and mixed levels, enhanced gleying processes in the conditions of excessive moisture content, enhanced processes of precipitation and ground gleying, intensification of leaching of mineral components (base cations) from the top soil layers, intensification of the washing processes, involving migration of salts, mainly carbonates and clay minerals washed out from top levels into deeper ones, intensification of the podsolization processes involving washing out of the basic components, humic acids and iron and aluminium compounds from top levels into deeper ones. After deforestation the soil of post-clear-cutting communities from the Tilio-Carpinetum circle was characterised on the basis of 4 soil profiles (2-5) and compared with the soil from the natural oak-hornbeam community (profile 1) ( Table 2 ). In the natural community of typical oak-hornbeam forest Tilio-Carpinetum, profile 1, the gleyed brown soil was found, while in the post-clear-cutting communities of Rubetum, a year after deforestation, the presence of typical brown acidic soil was found, profiles 4-5, in the 5-year old post-clear-cutting community Rubetum agrostietosum, profile 2, there was typical brown soil and in the 9-year old post-clear-cutting community Rubetum agrostietosum, profile 3, there was typical rusty soil (Table 2) .
Typical gleyed brown soil of the natural community Tilio-Carpinetum with 110 year old tree stand, was formed of silty light loamy sands on ice-dam lacustrine silts (Table 2). In the upper part of the soil profile Ol -Ah -Bbrg -BbrCg -Cg (profile 1) non-decomposed leaf litter was found (Ol) in a horizon of small thickness (0-0.5 cm). There was also ectohumus of mull type. In the whole thickness of this type of soil, the horizons of browning (Bbrg), transitional (BbrCg) and parent rock (Cg) show the features of gleying, which affects the chemical properties of this soil and in particular its pH which in the upper part of the profile reaches 4.2 in H 2 O and 3.7 in KCl (Fig. 2) .
One year after deforestation, in one-year old post-clearcutting communities of Rubetum the subtypes of typical acidic brown soil of the genetic levels Ol -Ofh -Ap -Bbr -C1 -IIC2 -IIC3 (profile 4) and Ap -Bbr -IIC (profile 5) were identified, which evidenced considerable changes in the soil environment. The changes include: transformation of humus type from mull into moder (profile 4) or destruction of the upper soil levels (profile 5), presence of ploughing horizon (Ap) and washing out of carbonates from the whole thickness of genetic levels ( Table 2 ). The soils in these communities are acidic in the upper part of the profile of low pH, in H 2 O (3.41-3.97) and in (Fig. 2) . The pH of a given soil is the lower than the shorter period from the clear-cutting, which is related to the washing out of mineral components from the upper layers of the soil by direct effect of precipitations. It can be assumed that pH of soils varies with time and has its own dynamics, increases in subsequent stages of vegetation development after clear-cutting (Fig. 2) .
Transformation of the mull type humus present in the natural communities into the moder type one in the acid-ic brown soil typical of post-clear-cutting communities is related to the presence of well-developed organic horizons of thickness reaching 5 cm, mainly the sublevel Ol (Table 2). The presence of moder type humus indicates a low rate of organic matter decomposition and accumulation of acidic and little active humus in the top soil horizons. The presence of ploughing horizon (Ap) of the thickness from 12 cm (profile 4) to 20 cm (profile 5) in post-clear-cutting communities is a result of full tillage. Similar transformations of soil after removal of trees from a typical oak-hornbeam habitat were also noted in the typical rusty soil (Olf -Oh -Ap -Bv -BvC -IIC) of Rubetum community (profile 3) ( Table 2) .
After deforestation the soil in the post-clear-cutting community from the Melitti-Carpinetum circle, was characterised on the basis of 3 soil profiles (profiles 9-11) and compared with the soil from the natural Melitti-Carpinetum community (profile 8) ( Table 2 ). In the natural community of Melitti-Carpinetum the presence of leached brown soil was found, (profile 8), similarly as in the post-clear-cutting communities in one year after clear-cutting (profile 9) and in the 8-year old community of Calamagrostietum (profile 11). The only exception is the typical rusty soil in the 2-year old post-clear-cutting community of Calamagrostietum (profile 10) ( Table 2 ).
In the leached brown soil: Olf -Ah -Bbr(t, fe) -IIBbrre -IIC Ca under the 140-years old natural community of Melitti-Carpinetum (profile 8), the moder type humus, typical of mesotrophic habitats of mixed forests, was found. It is brown periglacial soil of polygenetic origin is formed of sands, gravels and boulders of kame ice-crack accumulation ( Table 2) .
The changes observed in the soil of secondary communities were found to be the greater the younger the secondary community so the shorter the time from clear-cutting. In the leached typical brown soil: A -Bbr(t,fe) -Bbrre -IIC Ca of the one-year old community of Calamagrostietum (profile 9) the organic horizon was missing as it had been destroyed by clear-cutting (Table 2 ). The next accumulation horizon (A) was also degraded, its thickness was reduced to about 5 cm and it was composed of weakly humufied sand of reduced content of humus. The much lower carbon to nitrogen ration of 7.93 in the accumulation horizon with respect to that in the soil of the natural community of 19.2 points to a fast process of mineralisation of organic substance on the open area left after clear-cutting (Fig. 2) . Transformations of soil environment as a result of forest management procedures in the typical rusty soil (ApBv -Bvre -C) under the two-year old community of Calamagrostietum agrostietosum (profile 10) and in the leached typical brown soil (Ap -Bbr(t,fe) -Bbr -C) under the eight-year old post-clear-cutting community of Calamagrostietum deschampsietosum (profile 11) were manifested as destruction of the organic horizons (O) by full ploughing and development of the ploughing horizon at the top soil layer (Ap, profile 11) or transition level (ApBv, profile 10), of rather great thickness (18-30 cm) ( Table 2) .
To sum up, the changes in soil conditions after removal of tree stands are the main reason for impoverishment of the top soil horizons in basic compounds and an increase in their acidity. Moreover, they lead to destruction of the organic horizons (O) as a result of full ploughing or to transformation of humus by one typological degree. The genetic horizons of the soils after clear-cutting evidence a considerable simplification of the soil profile structure with respect to that in the soils of the natural communities.
The effect of deforestation on transformations of oak-hornbeam habitats
The forest habitat types classified in the study with the use of the diagnostic scheme of the present state of fertility, determined taking into account the stable and easily changing elements of habitat, indicate that in the oak-hornbeam natu ral communities Tilio-Carpinetum on potentially natural habitats (labelled as N), functioning in the unchanged species composition of tree-stands and unchanged character of herbal layer, the easily changeable and stable elements of habitats ecologically corresponded to each other. The mull type humus is formed in good habitat conditions on highly fertile and biologically active soil rich in mineral components. It is formed from leaf litter undergoing fast microbiological decomposition and humification, ectohumus is poorly developed and the organic horizon occurs only in the form of level Ol. It is characteristic of eutrophic habitats of fresh forest related to typical brown soil and its subtypes (Table 3) . After deforestation the habitats of post-clear-cutting communities from the Tilio-Carpinetum circle are weakly degraded (labelled as d), which corresponds to weakly degraded fresh forest (Lśw-d) ( Table 3) . Transformations of these habitats include a change in the type of humus by 1 typological degree, from mull to moder (profiles 3-4), deformation of the soil profile by introduction of ploughing horizons (profiles 3-4) and damage of their organic horizons (profile 5) ( Table 3) . Evaluation of the current state of fertility of post-clear-cutting communities on eutrophic habitats has evidenced that they show the features of habitats by 2 typological degrees poorer (weakly degraded habitats) than the natural habitats not transformed by forest management procedures ( Lśw-D LMśw-D of medium content of mineral components. It is formed of leaf litter or leaf-needle litter undergoing slow pace decomposition and accumulated organic substance in the form of (Ol) and a characteristic subhorizon Of, made of comminuted fragments of plants of recognizable tissue structure (detritus). The moder type humus is typical of mesotrophic habitats of mixed forests in the natural state (profile 8) representing the old-tree forest of the natural oak-hornbeam association Melitti-Carpinetum (Table 3) . After deforestation the post-clear-cutting habitats from the Melitti-Carpinetum circle are deformed (labelled as z) or weakly degraded (labelled as d), which corresponds to the habitats of mixed fresh deformed forest (LMśw-z) or mixed fresh weakly degraded forest (LMśw-d) ( Table 3) . Transformations of these habitats concern the organic horizons of soil (profiles 9-11) and involve development of ploughing horizons (Ap) or ploughing-rusty horizons (ApBv) which is related to full ploughing (profiles 10-11) ( Table 3) . Evaluation of the present fertility of post-clearcutting communities on mesotrophic habitats has shown that they represent the diagnostic features of habitats by one typological degree of fertility poorer (deformed habitats) or by two typological degrees poorer (weakly degraded habitats) than the natural habitats not transformed as a result of forest management procedures (Table 3) .
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59-years old secondary forest community Pinus-Vaccinium
Ecological consequences of afforestation
Secondary forest communities after afforestation represent phytocenoses of tree-stands compatible or incompatible with the habitat conditions. The degree of their deformation depends mainly on the habitat fertility and development of certain types of tree-stands with domination of different species. The type of habitats and the main edifiers of the tree layer determine the floristic composition of secondary communities studied and determine the directions of vegetation changes upon succession after clear-cutting. Identification of forest secondary communities forming the first generation of trees on the post-agricultural use land has shown that they develop as monolayer pine tree stands with the dominant Pinus sylvestris in the habitats from the Tilio-Carpinetum and Melitti-Carppinetum circles. They represent phytocenoses of high degree of anthropogenic transformations. Other dynamic changes on post-agricultural use land were noted as a result of abandonment of arable land on which spontaneous tree-stands developed with dominant trembling poplar Populus tremula or dominant Betula pendula, which were identified in oak-hornbeam habitats from the Melitti-Carppinetum circle. It has been established that degradation of phytocenoses increases depending on different procedures applied after intensive agricultural use period followed by land abandonment: -Post-arable land was not artificially reforested with pine trees -leading to spontaneously developing forest secondary communities degenerated by apophytization (Populus-Pulmonaria); -Post-arable land was not artificially reforested with pine trees but it was used as a pasture -leading to spontaneous development of secondary forest communities degenerated by cespitization (Betula-Festuca); -Post-arable land was artificially reforested with pine trees -leading to secondary forest communities of tree-stands incompatible with the conditions of habitat, degenerated by bryophytization (Pinus-Vaccinium and Pinus-Pleurozium).
The smallest quantitative changes in the floristic composition and structure of phytocenoses on post-agricultu ral use land were observed in secondary forest community with spontaneously growing tree-stands being a chain link in the natural successions leading to reproduction of the original natural communities. These communities do not produce young trees of next generation and under their canopy the subcanopy layer of hornbeam, oak, linden and maple trees is abundantly developing. The young trees are able to form the dominant oak-hornbeam tree-stand in a short time. It happens mainly in secondary forest community with dominant aspen (Populus-Pulmonaria) in the habitats from the Melitti-Carpinetum circle, in the phase III of degeneration (Table 1 ). In the secondary forest community Populus-Pulmonaria the species characteristic of the class Querco-Fagetea are enriched with non-forest species but the general character of vegetation is little changed ( Table 1 ). The floristic changes involve mainly an increased contribution of synanthropic species from the anthropogeni cally changed habitats, which points to apophytization as the main form of their degeneration.
Greater degeneration was observed when the post-arable land with spontaneously developing birch tree stand was also used as a pasture (Table 1) . Spontaneous birch tree stand make a poorly compact canopy under which a layer of trees and shrubs of small cover develops. This means that the phytocenosis is strongly thinned and the herbal layer is dominated by grass. These changes lead to development of secondary communities with cespitization as the main form of degeneration (Betula-Festuca).
The greatest degeneration changes after reforesting of post-arable land were found in the monolayer homogeneous pine tree forests Pinus-Vaccinium from the Tilio-Carpinetum circle and Pinus-Pleurozium from the Melitti-Carpinetum circle (Table 1) . These patches had been used as arable land and later after abandonment, they were artificially planted with pine trees. Intense agricultural use followed by planting pine trees in the oak-hornbeam forest habitats leads to gradual withdrawal or total phase out of the oak-hornbeam forest species and disappearance of even the most resistant species from the original community. These communities are the strongest transformed and represent phase V of degeneration (Table 1) . After introduction of pine trees onto the post-arable land, the developing pine forest with compact canopy significantly restricts the development of species from lower layers permitting only the abundant growth of acidophilic undershrubs and moss, reaching the greatest coverage in such conditions, up to 80%. A homogeneous pine tree stand and almost empty bottom of the forest with strongly developed bilberry and moss cover represent the secondary forest communities degenerated by the process of bryophytization (Pinus-Vaccinium and Pinus-Pleurozium).
Afforestation and soil transformation
The soil from the secondary forest community from the Tilio-Carpinetum circle was characterised on the basis of 2 soil profiles (6-7), while that from the Melitti-Carpinetum circle was characterised on the basis of 3 profiles (12-14) ( Table 2 ).
In the secondary forest communities of Pinus-Vaccinium from the Tilio-Carpinetum circle making the first generation of trees on the post-arable land, the changes in soil conditions were very significant (Table 2, Fig. 2 ). The soil in the habitats of these communities is mainly strongly degraded typical lessivé soil. In the typical lessivé soil: Ol -Of -Oh -Ap -Eet -Bt -C -IIC Ca g (profile 6) and in the gleyed lessivé soil: Ol -Of -Oh -Ap -Eetg -BtggIIC1gg -IIC2 Ca gg (profile 7), the upper soil horizons were transformed by full ploughing into the ploughing horizon (Ap) of significant thickness ( Table 2 ). The ectohumus of mor type present in these two types of soil, characteristic of coniferous forest habitats, contains thick layers of undecayed organic matter (7-10 cm) made of pine needles. Poor conditions of decomposition of organic matter lead to accumulation of acidic and little active humus in the subhorizon Of form, leading to acidification of the oak-hornbeam habitat and its oligotrophisation. In the upper part of the soil profile the pH values were acidic, equal to 3.9-4.0 in H 2 O and 3.1-3.3 in KCl (Fig. 2) . The acidic substances forming in the process of humification are washed out by precipitation down into the profile, which is observed as podsolization processes of the upper part of soil (profile 6, Ap horizon). The two types of soil also show strong features of gleying processes, typical lessivé soil (profile 6) processes of precipitation gleying, while gleyed lessivé soil (profile 7) shows processes of ground gleying (Table 2) .
Significant soil transformations were also noted in the forest secondary communities from the Melitti-Carpinetum circle ( Table 2 ). The leached proper brown soil (profiles 12-13) and typical acidic brown soil (profile 14) characteristic of this community are degraded and anthropogenically transformed as a result of the earlier agricultural use. In the soil studied the upper horizons are changed by full ploughing into a ploughing horizon (Ap) of a significant thickness (15-25 cm), the type of humus is changed and morphology of the profiles is simplified. They reveal the main three genetic horizons (Ap, Bbr and C). In the typical acidic brown soil (Ol -Of -Oh -Ap -Bbr -C) of a 30-year old secondary forest community Pinus-Pleurozium (profile 14) there is ectohumus of mor type, characteristic of coniferous forest habitats and the earlier agricultural use of the land is manifested as a ploughing horizon below the humus (Ap) of the thickness 21 cm (Table 2) .
Afforestation and transformations of oakhornbeam habitat transformations
The forest habitat types classified by the diagnostic scheme of the present state of fertility have pointed out that the oak-hornbeam habitats in the secondary forest communities on post-agricultural use land are strongly degraded. In their soil the type of humus has been changed by three typological degrees, from mull to mor, when compared with the soil of the natural oak-hornbeam habitats. The habitats of secondary forest communities from the Tilio-Carpinetum circle on post-arable land are strongly degraded (labelled as D) and correspond to those of strongly degraded fresh forest (Lśw-D) (Table 3 ). In the typical lessivé soil of secondary forest communities Pinus-Vaccinium (profiles 6-7), the upper soil horizons are transformed into the ploughing horizon (Ap). The ectohumus of mor type, typical for coniferous forest habitats, is by three classes of fertility lower than that of the mull type humus in the habitats of natural oak-hornbeam forests. From the diagnostic viewpoint it means that the fertility of these habitats has been by three typological degrees diminished (strongly degraded habitats).
Changes in the soil are similar to those observed in the eutrophic habitats of Tilio-Carpinetum were noted in the mesotrophic habitats of Melitti-Carpinetum. The habitats of secondary forest habitats on post-arable land are strongly degraded (labelled as D) and correspond to those in the mixed strongly degraded fresh forest (LMśw-D) (Table 3). In the typical acidic brown soil of a 30-year old pine forest Pinus-Pleurozium, the upper soil horizons were changed into a ploughing layer as a result of full ploughing (Ap) (profile 14). The ectohumus of mor type in the form of comminuted subhorizon Of was by three classes of fertility lower than the moder type humus in the natural habitats. From the diagnostic point of view, it indicates that the soil fertility of the secondary Melitti-Carpinetum habitats (strongly degraded) was decreased by three typological degrees of fertility. It leads to oligotrophisation of the Melitti-Carpinetum habitat and coniferous character of the secondary community.
Discussion and conclusions
In the post-clear-cutting communities at the beginning of their development in the process of secondary succession there is practically no way to determine the final community (Thompson III & DeGraaf 2001; Trani et al. 2001) . Such a determination is more difficult to establish in short time after the clear-cutting (Wu et al. 2001; Allison et al. 2003; Hiromi et al. 2006) . The character of the final community depends to a high degree on the habitat changes introduced by man as forest management procedures (Bell & Newmaster 2002; Humphrey et al. 2004; Kern et al. 2006; Wu et al. 2008) . The degree of disturbance of the post-clear-cutting communities is the greater the shorter the time from the deforestation when the clear-cutting was accompanied by other forest management measures (Chinea & Helmer 2003; Haeussler & Bergeron 2004; Rosenvald & Lõhmus 2008) . Such measures can be removal of the fallen tree trunks, preparation of the soil for reforestation or stamp pulling cause a number of significant changes in the phytoclimatic and edaphic qualities as well as in the floristic composition (Siira-Pietikäinen et al. 2001 , 2003 Johnston & Crossley 2002; Elliott & Knoepp 2005) . The disappearance of the most stable species building the patches of natural communities and change in the formation from forest to non-forest one classify the postclear-cutting communities as very strong disturbance (Łas-ka 2006) . On the basis of the degree of disturbance of postclear-cutting communities, defined by the phases of degeneration, it should be noted that the eutrophic oak-hornbeam habitats are more resistant to invasion of foreign elements to the species composition of phytocenoses than the mesotrophic oak-hornbeam habitats.
After deforestation in the post-clear-cutting area a non-forest formation of vegetation develops and it occupies the area until the development of dense canopies of young trees which takes from a few to nearly 20 years, depending on the type of habitat and quality of new trees (Johnston & Crossley 2002; Hiromi et al. 2006) . Removal of the layer of trees that determine the functioning of the other layers in forest communities and their seasonal rhythms is the main cause of rapid changes in the ecological and habitat conditions in the area (Wright & Coleman 2002; Kranabetter & Coates 2004; Hannam et al. 2005) . Total removal of trees causes rapid climatic changes, from the climate of forest to that of open space, which means changes in almost all climatic factors: light accessibility, thermal conditions and air humidity (Puchalski 2000) . Changes in the climate are reflected in the changes in the habitat conditions, mainly the soil conditions, including their physical and chemical properties (Puchalski 2000; Johnston & Crossley 2002; Hannam et al. 2005) . The transpiration from the tree crowns as well as the uptake of water by the roots cease. As the water from deeper layers is used in smaller amount because it is no longer needed by tree roots, the water table of ground water can increase. When the ground water table is high, this process can lead to bog development or slurrying of the soil (Puchalski 2000) . Other consequences can be a change in moisture content and initiation of gleying processes in the soils of excessive moisture content or increased intensity of processes of precipitation and ground gleying (Łaska 2006) . Also the structure and chemical composition of soil can be changed. The tree cutting, stamp pulling and other measures, the flocculated structure of the soil can be destroyed and transformed into the aliquoted-grained one, which can lead to washing out of the mineral components of the soil and impoverishment of its upper horizons (Puchalski 2000) . Another type of changes induced by disturbances in the habitat conditions concern the cycle of matter. After removal of trees and undergrowth, the inflow of litter as the main source of organic matter is stopped and considerable amounts of organic substances are removed together with timber. The organic matter left on the post-clear-cutting area undergoes fast mineralisation under the influence of sunlight heat and the consequence is a significant decrease in the amount of humus of destruction of humus. Faster mineralisation of the litter and decreased amount of humus facilitate the washing out of mineral compounds by precipitations (Puchalski 2000; Ponge 2003) .
In general, evaluation of the ecological consequences of deforestation and reforestation of post-arable land has shown that these procedures on the fertile habitats of deciduous forests lead to significant changes in the floristic composition and degradations of habitats (Łaska 2006; Matuszkiewicz 2013a, b) . The changes include impoverishment of habitats, degradation of forest humus, deterioration of physical, chemical and biological properties of the top soil horizons. The final outcome of the changes is oligohrophisation of forest habitats (Łaska 2006) . In view of the above, to protect the deciduous forests new methods for rational renovation and management of the fertile oak-hornbeam habitats should be searched for.
